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SEMICONDUCTOR DEVICE 
HAVING AN IMPROVED LAYOUT PATTERN OF PAIR TRANSISTORS 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a semiconductor device, 
in particularly, to a layout of the semiconductor device which 
5 make it possible that electric characteristics of two 

transistors with the same structures as each other: so-called 
pair transistors, are manufactured with good manufacturing 
yield. 

Description of the Related Art 

10 A semiconductor device is manufactured by transferring 

a mask pattern in which a circuit configuration is laid out 
on a substrate to form a pattern of the configuration thereon. 
However, even if a mask pattern is prepared so as to satisfy 
circuit characteristics, an actual device manufactured on the 

15 substrate by using the pattern results in one without electric 
characteristics as expected when a dimensional difference due 
to parameter-related fluctuations in a manufacturing process 
arises . For example, even if masks with gate channel lengths 
L and gate channel widths W same as design values are prepared, 

20 actual devices formed with difference parameters from mask 
data when fluctuations of a manufacturing process or 
misalignment of masks for forming contacts are occurred. 
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Especially, in a case of a sense amplifier section or 
the like where a small current is employed, current amounts 
in halves of the circuit that are configured in symmetry with 
each other come into a state of off balance due to dimensional 
difference in actual layout, entails deterioration of 
electric characteristics and causes of defects. 

Transistors (Nl and N2 of an A section of Fig. 8) that 
have symmetrical configurations with each other and which are 
required to have equal capabilities to each other have 
conventionally been manufactured with a dra in regio n commonly 
used by two transistors as shown in Fig. 6, or alternatively 
with a source region commonly used by two transistors as shown 
in Fig. 7. Accordingly there has been arisen a problem that 
in a process step to manufacture such pair transistors, 
electric characteristics of the pair transistors become 
different from each other due to a dimensional difference 
caused by fluctuation of a manufacturing process. 

This is a cause of a malfunction of a circuit, when the 
circuit has a symmetrical configuration as shown in Fig. 8 
and halves of the circuit both operate under ^a differe^nce" of 
currents therebetween . 

Further an actual width of a gate channel finally results 
in the sum of a mask design value (W) + a move-in of an 
insulating layer AW, relative to a mask design value. The 
move-in of the insulating layer AW causes in manufacture in 
which the insulating layer forming on a diffused region 
invades the diffused region in thermal diffusion. In an 
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actual design of a mask, dimensions of a mask pattern are 
determined in consideration of a move-in of an insulating 
layer AW in order to achieve high design precision. However 
the move-in AW arises in thermal diffusion is influenced by 
5 unexpected fluctuations of parameters in manufacture. 

Therefore it is difficult to avoid dimensional dispersion 
occurring beyond a design value AW from occurring. 

As a difference of an actual width dispersion from a 
design tolerance AW is larger, a value of a channel width 

10 expected in proportion to the number of branch gates obtained 
division is not realized, and the number of branch gates or 
width of each branch gate is affected corresponding to a 
product of a move-in of an insulating layer AW * the number 
of branch gates. Therefore, if pair transistors in axial 

15 symmetry with each other are different in the number of branch 
gates from each other, it causes difference in actual channel 
width between the transistors completed, leading to a 
difference in performance therebetween as well. 

Further, there arises a difference in actual gate width 

2 0 between an inner portion and an outer "portion^ in^a "chip due 
to a difference in pattern packing density between an array 
section with a periodic pattern in which repeated gate 
patterns are densely packed in same intervals and a peripheral 
section with single patterns sparsely distributed as compared 

25 with the array section. 

An additional difference in actual gate width between 
a densely packed section and a sparsely distributed section 
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in the same device occurs according to a degree of light 
straying-in under a pattern or a condition of light reflection 
in exposure . 

While, in Japanese Patent Laid-Open No. 5-206245 and 
5 Japanese Patent Laid-Open No. 3-116726, dummy gates are 
employed in order to eliminate dimensional dispersion caused 
by a difference in pattern packing density according to 
regions where gates are arranged, the published documents 
have disclosed a technique on a circuit configured of single 
10 transistors, but not a technique on a circuit including pair 
transistors. Further, in Japanese Patent Laid-Open No. 
62-173810, there has only been disclosed a transistor with 
a gate divided into a plurality of branch gates. 



SUMMARY OF THE INVENTION 

15 Accordingly, it is an object of the invention to provide 

a semiconductor device having transistors with same electric 
characteristics . 

It is another object of the present invention to provide 
a semiconductor device which can be manufactured "while "a ^ 

20 dimensional dispersion in actual gate width according to 
light straying-in or light reflection in exposure is 
prevented from occurring and which makes it possible that 
transistors with same electric characteristics, such as pair 
transistors, are produced to high precision with good 

25 manufacturing yield. 
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It is another object of the present invention to provide 
pair transistors well suited for constructing a sense 
amplifier section employing a small current. 

These and other objects of the present invention will 
5 be apparent to those of skill in the art from the appended 
claims when in light of the following specification and 
accompanying figures . 

A semiconductor device according to the present 
invention includes a first transistor having a first gate put 
10 between a first source and a first drain; a second transistor 
arranged adjacent to the first transistor, the second 
transistor having a second gate put between a second source 
and a second drain, the second gate arranged parallel to the 
first gate; a first dummy gate arranged between the first 
15 drain and the second source and parallel to the first gate; 
a second dummy gate arranged adjacent to the first source and 
parallel to the first gate; and a third dummy gate arranged 
adjacent to the second drain and parallel to the first gate. 

BRIEF DESCRIPTION OF THE DRAWfNGS^ ~~ 
20 Fig. 1 is a plan view showing an embodiment of a layout 

of a semiconductor device according to the present invention; 

Fig. 2 is a plan view showing another embodiment of a 
layout of a semiconductor device according to the present 
invention; 



• 
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Fig. 3 is a plan view showing a further embodiment of 
a layout of a semiconductor device according to the present 
invention ; 

Fig . 4 is tables showing states in which actual gate sizes 
5 are respectively different from design values thereof 
according to the number of gates; 

Fig. 5 is plan views showing an example of an actual gate 
size corresponding to the number of gates; 



10 semiconductor device; 

Fig. 7 is a plan view showing another layout of a 
conventional semiconductor device; and 

Fig. 8 is a diagram showing a circuit example for 
illustrating a problem in the prior art. 

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The preferred embodiments of the present invention will 
be described in detail hereinafter with reference to the 
accompanying drawing : 

Figs . 1 to 3 are views showing structures of a 
20 semiconductor device according to the present invention. 

A first embodiment of the present invention is shown in 
Fig. 1. 

In Fig. 1, there are shown pair transistors constituted 
of a first transistor 3A and a second transistor 3B. A dummy 
25 gate 3D2 is disposed between the transistors 3A and 3B, in 



Fig. 6 is a plan view showing a layout of a conventional 
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parallel to a gate 1 of a transistor 3A and a gate 11 of a 
transistor 3B, in a place equidistant from the gates 1 and 
11. Dummy gates 3D1 and 3D3 are respectively disposed on the 
outsides of the transistors 3A and 3B. Any adjacent pair of 
the gates of the transistors 3A and 3B and the dummy gates 
have the same distance therebetween. Further, distances 
DIS3ct of electrode lead-outs of the dummy gates 3D1 to 3D3 
are equal to distances of electrode lead-outs of the 
transistors 3A and 3B. Extension distances DlS3ext of the 
channel sections of the dummy gates 3D1 to 3D3 are the same 
as those of the pair transistors 3A and 3B. A source diffusion 
region 5 and a drain diffusion region 6 are formed in a 
semiconductor substrate (not shown) with an arrangement such 
that the gate 1 is sandwiched between the source and drain 
diffusion region 5, 6 . The source and drain diffusion regions 
5, 6_are-^s-ur.r-0-unded by element isolation regions formed in 
the substrate 
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e source electrode 15 is formed on the source diffusion 
region Ss^to electrically connect with the source diffusion 
region 5 tl^Sfough contact 19 formed in an interlayer isolation 
layer betweeh the source, diffusion region 5 and the source 
electrode 15. \he drain electrode 16 is formed on the drain 
diffusion regionxB to electrically connect with the drain 
diffusion region 6 ^through the contact 19 formed in the 
interlayer isolation 

Since the arrangement of the transistor 3A is 
substantially with that of the transistor 3B, the explanation 
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of source and drain diffusion region 1, 8 and source and drain 
electrodes 17, 18 are omitted. 

The transistor 3A is, for example, a N channel transistor 
Nl and the transistor 3B is , for example , a N channel 
5 transistor N2 , as shown in Fig . 8 . Therefore , the drain 
electrodes 16, 18 are connected in common to connect a GND 
potential through transistor N3. 

With such dummy gates provided, the gate 1 of the 
transistor 3A and the gate 11 of the transistor 3B can be placed 

10 in exposure environments each with the same degree of light 
straying-in. Therefore, there arise no dimensional 
differences in manufacturing between the transistors 3A and 
3B, enabling pair transistors each with a gate channel length 
L of the same order to be realized . 

15 Furthermore, the transistors 3A and 3B each have a 

structure in which the source and drain regions formed on both 
sides of the gate are arranged in the same direction, which 
is different from conventional examples of FiGS. 6 and 7. In 
other words, the transistor 3B has the structure obtained by 

20 translating the transistor 3A while positional relations of 
the constituents therein are kept unchanged . 

Reference marks are given to parameters associated with 
a semiconductor device with the structures as described above 
for clarity of description. In Fig. 1, distances from a 

25 channel of the transistor 3A to contacts are indicated by 
DIS31a and DIS32a; distances from a channel of the transistor 
3B to contacts are indicated by DIS31b and DIS32b; amounts 
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of currents each flowing through the channel and contacts of 
each transistor are respectively indicated by I31a, I32a, 
I31b and I32b. Herein, distances DIS31a and DIS32a between 
the channel of the transistor 3A and the contacts on both sides 
5 thereof are equal and this relation applies to the transistor 
3B. 

The following is a description of a case where a 
registration error occurs when masks are stacked in the course 
of manufacturing of a transistor. When a mask is misplaced 

10 on another, contacts are formed at positions displaced in one 
direction. Therefore, as can be seen from Fig. 6 or 7, 
according to a conventional technique, pair transistors had 
respective different distances between gate channels and 
contacts on either of drain sides and source sides thereof . 

15 For example, when a misplacement of a mask occurs in a 

direction such that a relation DISl < DIS4 is established on 
the drain sides while a relation DIS3 < DIS2 is established 
on the source sides, there arises a difference between a 
current II that is dependent on a distance DISl and a current 

20 14 that is dependent on a distance DIS4, which currents flow 
from the source to the drain, although a distance between the 
contacts of the source and drain of the transistors Nl is not 
changed and this also applies to the transistor N2 . Hence, 
there arises a difference between currents flowing though the 

25 two transistors Nl and N2 . 

In the present invention, however, since the two 
transistors have structures in which DIS31a and DIS31b 
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thereof are equal to each other even when a mask pattern is 
formed with a deviation in one direction, therefore, a current 
I31a that is dependent on a distance DIS31a and which flows 
from the source to the drain of a transistor 3A is equal to 
5 a current I31b that is dependent on a distance DIS31b and which 
flows from the source to the drain of a transistor 3B. That 
is, there is no difference between the two transistors 3A and 
3B in workings and a relation I31a + I32a = I31b + I32b is 
established and currents that respectively flow through the 

10 two transistors 3A and 3B can be made equal to each other. 

Therefore, even if a mask pattern to form contacts is 
misplaced, no difference in characteristics between the 
transistors 3A and 3B occurs. 

Fig. 2 shows a second embodiment of the present 

15 invention. 

In Fig. 2, each of the gates of two transistors of Fig. 
1 is forked into two branch gates and a structure is such that 
a channel of a transistor 4A is forked into two branch channels 
and distances DIS41a to DIS44a from the branch channels of 

20 the transistor 4A to contacts adjacent thereto are designed 
to be all the same as one another. Likewise, the transistor 
4B has a two-way branched channel and a structure is such that 
distances DIS41b to DIS44b from the branch channels of the 
transistor 4B to contacts adjacent thereto are designed to 

25 be all the same as one another. 

Dummy gates 4D1 and 4D2 of the same material and the same 
size as the gates 1 and 2 of the pair transistor 4A are arranged 
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on the left and right sides thereof. Likewise, dummy gates 
4D2 and 4D3 of the same material and the same size as the gates 
11 and 12 of the pair transistor 4B are arranged on the left 
and right sides thereof. Herein the dummy gate 4D2 commonly 
5 serves the pair transistors 4A and 4B. 

In the structure, a distance between the branch gates 
of each of the transistors 4A and 4B; and a distance between 
each of the branched gates and the dummy gate adjacent thereto 
are all same : the branch gates of the transistors and the dummy 
10 gates are equidistantly arranged between any adjacent two 
thereof , 

In addition, an electrode lead-out distance DIS4ct of 
the dummy gates 4D1 to 4D3 are the same as those of an electrode 
lead-out of the transistors 4A and 4B. Further, extension 

15 distances DIS4ext of the channel sections of the dummy gates 
4D1 to 4D3 and those of the pair transistors 4A and 4B are 
all the same as one another. 

With such dummy gates provided, the pair transistors each 
with two-way branched gates can be placed in exposure 

20 environments each with the^ same" degree of light "Straying-- 
in under a pattern. Hence, there arise no dimensional 
differences in manufacturing between the transistors 4A and 
4B, thereby enabling pair transistors with the same 
characteristics as each other to be produced. 

25 Furthermore, the transistors 4A and 4B each have a 

structure in which the source and drain regions formed on both 
sides of each of the gates are arranged in the same directions 
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like Fig . 1 . Such a case where the gate of each of transistors 
is divided into two branch gates is nothing but a case of a 
structure in which the constituents of transistors are 
arranged in axial symmetry with each other. In Fig. 2, since 
5 a transistor has a two-way branched channel gate, the drain 
is disposed in a space between both end portions of the one 
source bent. Even if positional deviation of a mask pattern 
for forming contacts arises, source/drain currents of the two 
transistors are equal (I41a + I42a + I43a + I44a = I41b + I42b 

10 + I43b + I44b) with the result that there arises no difference 
in electric characteristics between the two transistors. 
Fig. 3 shows a third embodiment of the present invention. 
Each of the gates of two transistors in Fig. 1 is forked 
into three branch gates . 

15 Since the transistors of this structure is essentially 

the same as those described in Fig. 1 in terms of workings, 
description thereof is omitted. 

Transistors whose structures are in axial symmetry with 
each other have to have the respective same numbers of gate 

20 branches. Description will be made using Tables 1 to 6 "of 
Fig. 4. A case is assumed where a move-in of an insulating 
layer AW = 0 . 2 [om and corrected mask patterns ( (a) in tables 
of Fig. 4) that are obtained by adding 0.2 ^im to an expected 
value W of channel width are prepared. 

25 If a width dispersion AW ( (b) in tables of Fig. 4) arises 

in a diffusion process, an actual channel width W of each of 
the branch gates are shown as (c) in tables of Fig. 4 and sums 
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of channel widths W of all the actual branch gates are shown 
as (d) in tables of Fig. 4. It is understood, as shown in 
Tables 1 and 2, that if an estimation AW is obtained in thermal 
diffusion, expected results can be attained even when the 
5 number of branch gates is increased. 

It is understood, however, that if there arises errors 
in estimation as compared with an expected AW of move-in of 
an insulating layer due to parameter-related fluctuations in 
manufacturing, expected results of mask patterns are harder 

10 to be actually attained as the number of branch gates 

increases as shown in Tables 3 to 6 . This means that there 
is a limitation in realizing a mask design value W expected 
according to gate division. Values shown in the tables are 
obtained with the minimum size = 0.02 )am of a process currently 

15 employed set as the minimum size adopted in data preparation. 
Understanding is such that if it is desired that a capacitance 
of a diffused layer on the drain side is smaller, division 
into two or more branch gates is desired, while if it is desired 
that an actual width value W is closer to an expected width 

20 value W, the number of branch gates is necessary to be 
restricted to 2 to 3 branch gates. 

As can be seen from the number of channel polysilicon 
stripes in arrangement and an actual channel length shown in 
Fig. 5, it is required that the gates of pair transistors are 

25 each divided into 2 to 3 branch gates and at least one dummy 
gate is provided, while such a requirement works for absorbing 
a change in AL in actual channel. 
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Since a semiconductor device according to the present 
invention has structures as described above, pair transistors 
with same electric characteristics can be attained even when 
a dimensional difference in patterning arises due to a cause 
5 in a manufacturing process. 

While preferred embodiments of the present invention 
have been described, it is to be understood that the invention 
is to be defined by the appended claims when read in light 
of the specification and when accorded their full range of 
10 equivalent. 



